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* NOTICES * 

Japan Patent Office is nob responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the field-effect 
transistor which equipped the FET chip with PHS (plated heat sink) about a semiconductor device. 
[0002] 

[Description of the Prior Art] High power GaAsFET is raised and explained as an example of such a field- 
effect transistor (FET). 

[0003] The plan of the conventional high power GaAsFET which formed PHS (plated heat sink) with 
which drawing 8 consists of a gilding layer of the rear face of the conventional GaAs substrate, and 
drawi ng 9 are the X-X line cross sections of drawi ng 8 . Here, a unit cell 3 (it encloses and displays by the 
two-dot chain line) is arranged to four-piece parallel, and the FET chip is constituted. A unit cell 3 has a 
gate electrode, a drain electrode, and a source electrode, and these electrodes are carrying out the 
configuration of Kushigata which has the finger-like gate electrode Gf, the finger-like drain electrode Df, 
and the finger-like source electrode Ff, respectively on the active region 2 formed in the surface section by 
ion-implantation etc. Two adjoining unit cells are connected when each source electrode S connects. 
[0004] Although the multichip device constituted by collecting more than one can also realize the chip of 
one unit cell, the same structure has many factors which degrade RF properties « the phase of a signal 
shifts between each chip (cell) by the difference in the configuration of the bonding wire in the case of 
connecting between the position gaps and chips during each chip in this case etc. — and is not practical in 
accordance with the increase in cost like an erector, either. [ of factors ] 

[0005] In order to reduce thermal resistance, thickness of the GaAs substrate 1 which constitutes an FET 
chip is set to about 30-50 micrometers, and in order to maintain the intensity of a chip further, it is 
necessary to set thickness of gilding PHS 5 to 1 0-30 micrometers. 

[0006] Although it heats beyond the melting point of solder 100 in case such an FET chip is built into a 
package 200, as shown in dra wing 10 , since a difference is in a coefficient of thermal expansion with the 
GaAs substrate 1 and PHS5 of an FET chip, it curves by the stress by thermal expansion, the frequency 
generated [ bonding / poor ] becomes high, and the FET chip which cooled and fixed worsens assembly 
nature of FET. 

[0007] In order to improve such a problem, the structure shown in d rawing 1 1 and drawing 12 in JP,63- 
131555,A is proposed. That is, the slit 7-1 prepared at the fixed interval, 7-2, and - separate into two or 
more PHS 5-1, 5-2, and — . By making it such structure, deformation by the coefficient of thermal 
expansion at the time of including in a package is suppressed, and assembly nature can be improved 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, it becomes the configuration which lenticulated 
when an FET chip is built into a package 200 only by PHS being simply separated by the slit as shown in 
drawingJ3 , as mentioned above. In a portion without a slit, it becomes the GaAs substrate 1 and the two- 
layer structure of PHS, and a local curve arises according to the difference of a coefficient of thermal 
expansion. However, supposing the portion of a slit has a surface thin electrode layer and it can ignore, it 
will be one layer structure of only the GaAs substrate 1, and the curve by the difference of such a 
coefficient of thermal expansion will not be produced. Since it does not come to accept it, this portion does 
not have PHS and the mechanical strength is weak, although a curve is produced as the whole chip neither 
with the force which makes a chip the method of pressing down mechanically, nor the surface tension by 
the fused solder, the GaAs substrate of a slit portion curves with very small radius of curvature to opposite 
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direction compared with a portion without a slit. Generally, since the stress on the front face of a thin film 

at the time of deformation of a thin film is proportional to thickness in inverse proportion to the radius of 

curvature, very big stress concentrates it on a GaAs substrate locally. If thickness of 30 micrometers and 

PHS is specifically set to 15 micrometers for the thickness of a GaAs substrate and width of face of a slit is 

made about [ of a slit pitch ] into 1/10, the stress of about 500 MPa(s) will arise. 

[0009] On the other hand, when the stress of about 300 MPas arises in a GaAs substrate, it is known that 

skid transition will occur and exercise by the temperature rise at the time of FET operation. This transition 

also suits proliferation by the ion collision phenomenon at the time of FET operation, and it waits for it, it 

causes the loss of power of FET, and has the problem of reducing the reliability of FET. 

[0010] Therefore, the purpose of this invention is to offer the semiconductor device which can prevent the 

fall of the reliability by stress. 

[0011] 

[Means for Solving the Problem] The finger-like gate electrode with which the semiconductor device of 
this invention covers alternatively the active region of the 1 main surface section of a semiconductor 
substrate, It has the unit cell which shares the aforementioned finger-like source electrode and finger-like 
drain electrode by which two or more groups of the finger-like source electrode which covers the 
aforementioned active region alternatively on both sides of the aforementioned finger-like gate electrode, 
respectively, and a finger-like drain electrode adjoin parallel mutually, and it comes to arrange. The 
aforementioned unit cell has the source electrode connection section which connects the finger-like source 
electrode of the aforementioned unit cell which adjoin parallel mutually, and is arranged. In the 
semiconductor device with which it comes to prepare the plated heat sink (PHS) formed in the 
aforementioned 1 main front face of the aforementioned semiconductor substrate, and the rear face which 
counters, the aforementioned semiconductor substrate is separated for every aforementioned unit cell. 
[0012] m this case, PHS is connectable with the source electrode connection section in the separation 
section. 

[0013] Moreover, a finger-like gate electrode, a finger-like source electrode, and a finger-like drain 
electrode can be covered, and an insulating resin film can prepare. 
[0014] Furthermore, PHS is separable for every unit cell. 

[0015] Since the semiconductor substrate is separated for every unit cell, there are few curves by the 
difference of the coefficient of thermal expansion between a semiconductor substrate and PHS. 
[0016] 

[Embodiments of the Invention] The plan of an FET chip in which drawing 1 shows the form of the 1 st 
example of this invention, and dr awing 2 are the X-X line cross sections of dra wing 1 . 
[0017] The form of this operation The active region 2 of the 1 main surface section of a GaAs substrate 
The finger-like source electrode Sf by which the group of the finger-like source electrode Sf which covers 
an active region 2 alternatively on both sides of the finger-like gate electrode Gf covered alternatively and 
the finger-like gate electrode Gf, respectively, and the finger-like drain electrode Df adjoins six-piece 
parallel mutually And it has the unit cell 3 which shares the finger-like drain electrode Df and it comes to 
arrange. A unit cell 3 has the source electrode connection section Sc which connects the finger-like source 
electrode Sf of the aforementioned unit cell which adjoins four-piece parallel mutually, and is arranged In 
the semiconductor device with which it comes to prepare PHS formed in the above-mentioned 1 main 
front face of a GaAs substrate, and the rear face which counters, the GaAs substrate is separated every unit 
cell 3. The GaAs substrate is divided into four portions 1-1, 1-2, 1-3, and 1-4 by three slit 7A-1, 7A-2, and 
7A-3. 

[0018] The gate electrode consists of gate pads Gp linked to the gate bar Gb and gate bar which connect 
six finger-like gate electrodes Gf and these for every unit cell. The gate pad of each unit cell is connected 
to the external-gate terminal of a package by the bonding wire which is not illustrated. Similarly, the drain 
electrode consists of drain pads Dp linked to the drain bar Db and drain bar which connect three finger-like 
drain electrodes Df and these for every unit cell. The drain pad of each unit cell is connected to the external 
drain terminal of a package by the bonding wire which is not illustrated. 

[0019] The source electrode has four finger-like source electrodes Sf (1 [ of pieces of it ] and two pieces 
serve as the source electrode connection section Sc with the finger-like source electrode of the adjoining 
unit cell), two source pads Sp, and the source bar Sb for every unit cell. 
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[0020] The active region 2 is surrounded by the insulating region formed by ion-implantation etc. Some 
front faces of an insulating region and an active region are Si02. It is covered with the film 4. The finger- 
like source electrode Sf and the finger-Like drain field Df are Si02. It is in contact with the active region by 
the contact pore which was prepared in the film 4 and which is not illustrated. 

[0021] the source electrode connection section Sc - Si02 the contact prepared in the film - a hole - C 
connects with PHS5A Moreover, the source pad Sp is connected to PHS5A by the Bahia hall 6. 
[0022] Next, the manufacture method of the gestalt this operation is explained. 

[0023] Drawing 3 (a) - (f) is the outline cross section arranged in order of the process in order to explain 
this manufacture method. 

[0024] As shown in drawing 3 (a), after forming a gate electrode, a source electrode, a drain electrode, etc. 
in the main front face of wafer-like GaAs substrate la, fonning the covering insulator layer which next is 
not illustrated and preparing opening on each pad, as shown in drawing 3 (b), it sticks on a glass plate 8 
with a wax 9. Next, it grinds until it is set to with a thickness of 30-50 micrometers GaAs substrate lb, as 
shown in ^rawing 3 (c). Next, as it ********** s ^ GaAs substrate lb is shown in drawi ng 3 (d) using 
lithography technology, the slit 7A-1, 7A-2, and 7A-3 (to drawing 3 (d), only 7A-1 is illustrated as 
representative) Bahia hall of 100 micrometers of**** and the scribe slot 10 are formed. Next, after 
forming Ti film and Au film by the spatter, respectively, preparing the electric supply film for plating and 
filling the scribe slot 10 with the photoresist film 1 1 as shown in drawing 3 (d), Au plating is performed 
and with a thickness of about 50 micrometers PHS5A is formed. The photoresist film 1 1 is removed, the 
electric supply film for plating of a scribe slot is milled, and the FET chip 12 about a 3 micrometerxl- 
micrometer angle is obtained by removing a wax 9. 1 3 is waste by this piece-ized processing of an 
individual 

[0025] Thus, although an FET chip can be divided for every unit cell, since it is stuck on the glass 
substrate in the state of the wafer at the time of division and after piece[ of an individual ]-izing is unified 
with a source electrode, a covering film, and PHS, the distance between unit cells does not carry out 
****** change, and the fault which the multichip device mentioned above does not have. 
[0026] As shown in drawi ng_4 , although this FET chip is fixed and incorporated in a package 200 with 
solder 100, it curves according to the difference of a coefficient of thermal expansion like the conventional 
example in the portion which constitutes the two-layer structure of the GaAs substrate 1 and PHS5A by 
heating at that time. However, in the portion which does not have a GaAs substrate since the GaAs 
substrate is divided, supposing a surface electrode layer (thickness, such as Sp before or after 1 
micrometer) is thin and it can ignore, it will become one layer structure of only PHS and the curve by the 
difference of such a coefficient of thermal expansion will not be produced. 

[0027] Furthermore, since there is no GaAs substrate and the mechanical strength is weak, this portion 
curves in the very small rate radius of an office to opposite direction compared with the portion which has 
a GaAs substrate with the force which makes a chip the method of pressing down mechanically, the 
surface tension by the fused solder, etc. That is, very big stress concentrates on PHS locally. That is, stress 
concentration happens to PHS and stress concentration is not produced in a GaAs substrate. Therefore, 
generating of the skid transition resulting from stress and multiplication are suppressed, and the fall of 
reliability is prevented. 

[0028] The plan of the FET chip for drawing 5 explaining the gestalt of operation of the 2nd of this 
invention and drawing6 are the X-X line cross sections of drawing 5 . The electrode pattern of an FET 
chip is the same as that of the gestalt of the 1st example. 

[0029] The GaAs substrate is divided into four portions 1-1 to 1-4 by selection gilding by slit 7A-1-7A-3 
on the boundary line of a unit cell here. It is similarly divided into four of PHS 5-1 to 5-4. For this reason, 
the insulating resin films 14, such as a polyimide, are formed in the front face for strong reinforcement. 
[0030] The opening 15 for bondings is formed in the covering film (not shown) in the insulating resin film 
14 and the bottom of it. The FET chip is unified with the source electrode, the covering film, and the 
insulating membraneous resin. 

[0031] The manufacture method of the form this operation forms a gate electrode etc., and forms the 
insulating resin film 14. After forming opening 15, stick on a glass plate, and perform rear-face polish and 
opening for the Bahia hall 6 is performed. Piece-ization of an individual to an FET chip is performed by 
forming Au film etc. in this opening, while forming PHS 5-1 to 5-4, etching by using PHS 5-1 to 5-4 as a 
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mask, and forming slit 7A-1-7A-3 and a scribe slot. 

[0032] As shown in d rawing 7 f although an FET chip is fixed and incorporated in a package 200 with 
solder 100, it curves according to the difference of a coefficient of thermal expansion like the conventional 
example in the portion which constitutes the two-layer structure of a GaAs substrate and PHS by heating at 
that time. However, in a portion without a GaAs substrate and a PHS layer, since a GaAs substrate and 
PHS are divided, supposing a surface electrode layer (about 1 micrometer) is thin and it can ignore, it will 
become the structure of only the insulating resin film 14, and a curve will not arise according to the 
difference of such a coefficient of thermal expansion. 

[0033] Furthermore, since there are not a GaAs substrate and PHS and the mechanical strength is weak, 
this portion curves with very small radius of curvature to opposite direction compared with the portion 
which has a GaAs substrate with the force which makes a chip the method of pressing down mechanically, 
the surface tension by the fused solder, etc. That is, very big stress concentrates on an insulating resin film' 
locally. That is, stress concentration happens to an insulating resin film, and is not produced in a GaAs 
substrate at stress concentration. Therefore, generating of the skid transition resulting from stress and 
multiplication are suppressed, and the fall of reliability is prevented. 

[0034] when forming the Bahia hall embedding simultaneously PHS which connect a PHS layer with a 
source electrode with the form of the 1st operation, if a gilding layer is attached thickly, or it embeds by 
technique, such as pulse plating, and a sex is improved, it is assumed that a PHS layer almost embeds the 
division portion of a GaAs substrate, and a mechanical strength may necessarily boil a PHS layer then, and 
it may not be able to say that it is weak, but stress may be distributed also to the GaAs However, with * 
neither of form of operation of**** 2, since a GaAs substrate and PHS are divided, such a problem is 
produced. 

[0035] In addition, an insulating resin film can use the epoxy resin currently used as a sealing agent of not 
only a polyimide but a resin-seal semiconductor device. 

[0036] Moreover, in this invention, a semiconductor substrate can also use not only a GaAs substrate but 

compound semiconductors, such as InP, etc. 

[0037] 

[Effect of the Invention] As explained above, since this invention has separated the FET chip for every unit 
cell, it is effective in the ability to avoid deformation of the semiconductor substrate at the time of 
assembly, and stress concentration, and prevent the fall of the reliability of FET, 



[Translation done.] 
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